Introduction
Meum athamanticum Jacq., a perennial plant of Central and Western Europe mountains, is a m em ber of Umbelliferae (Apiaceae). Previous chemical investigations of this species resulted in identifica tion of some phthalides in the essential oil fruit, ligustilide, 3-butylidene-and 3-«-butyl-phthalide [1] and besides ligustilide and some m onoterpenes, a Cn-hydrocarbon named viridene, from the essen tial oil rhizome [2] . In the other hand, the m ethanolic rhizome extract yielded l-/ram ,-0-caffeoyl-and l-/ra«5-0-feruloyl-quinic acid methyl ester [3] . Further examination of non polar rhizom e extracts issued in the isolation of sedanenolide (1), (Z, Z ')-rel-(6S, 75^-6.6r,7.3'a-diligustilide (2) and (Z)-rel-(6 S, 7S')-6,7-dihydroxyligustilide or ligustilidiol (3) .
Results and Discussion
«-hexane extract of Meum athamanticum rhizom e contains, besides phthalides of com m on occurrence in the Apiaceae, two other m embers sedanenolide 
Sedanenolide (1)
Isolated from a mixture containing (Z)-3-butylidene-phthalide, (Z)-ligustilide and 3-«-butylphthalide identified by 'H NM R and MS data, compound 1 is purified by repeated CC of silica. Its 'H N M R spectrum (CDC13; 250 MHz) exhibites signals relative to two m -ethylenic protons, as o b served for ligustilide (4), at < 5 6.21 ppm -broad d -J 10 Hz and Ö 5.91 ppm -dt -J 10 and 3.5 Hz, cor responding respectively to H-7 and H-6 , associated with two deshielded methylene groups appearing as overlapped multiplets centered at < 5 2.47 ppm (H-4 and H-5). In contrast with ligustilide (C 12H 140 2 m /z 190), no butylidene chain takes place in com pound 1 (C|2Hi60 2 m /z 192) but a «-butyl one of which the non equivalent H of a methylene group are located at Ö 1.88 ppm -m -J 14, 7 and 4 Hz and Ö 1.56 ppm -m -J 14 and 6.5 Hz, besides two isochrone m eth ylenes centered at < 5 1.39 ppm -m and one methyl at <50.90 p p m -t -7 Hz. This side chain is linked to the five-membered ring lactone (vmax 1750cm -1) by a deshielded methine Ö 4.93 ppm -dd -J 6.5 and 4 Hz (H-3). Consequently, compound 1 is identified with 3-«-butyl-4,5-dihydrophthalide whose spectral data are in agreement with those reported for senkyunolide and sedanenolide isolated first, at the same time, from two umbelliferous plants Cnidium officinale [4] and Apium graveolens [5] respectively. The presence of two butylidene chains in the 'H NMR spectrum of compound 2, confirm ed by S ch em e I double irradiation experiments, strongly suggests a dimeric structure for this natural product. Effective ly, the mass spectrum exhibites the m olecular ion at m /z 380 corresponding to C24H 28O 4 (high resolu tion) and the base peak is observed at m /z 190: Q 2H 14O 2 , a fragment ion generated by a retroDiels-Alder reaction from M+'. Com pound 2 is thus considered a dim er o f ligustilide (4). As no cisethylenic protons appear in the 'H N M R spectrum , dimerisation affecting each o f the two ligustilide units is suspected.
Analysis of the 'H N M R spectrum (CDC13; 250 MHz) shows four methines at < 5 7.36 ppm -d -J 6.5 Hz, Ö 3.27 ppm -broad d -J 9 Hz, S 3.00 ppm -m -/ 6 . 5 , 2.5, 2.5 and 2.5 Hz and S 2.56 ppmbroad ddd -J 9, 6.5 and 2.5 Hz. Each of the two doublets is assigned to one m ethine obligatory linked to one quaternary C-atom and particulary one ethylenic quaternary C-atom, on the basis of deshielding recorded < 5 3.27 and 7.36 ppm respective ly, the last lv a lu e indicating furtherm ore an ethyle nic H. The two next methines <53.00 and 2.56 ppm respectively, are adjacent and included between the deshielded ones, leading to a tetrasubstituted bicyclo[2.2.2]octene. This is supported by decoupling experiments giving evidence for four endocyclic methylenes: -5 2.06 ppm -m -J 10, 5 and 2 Hz; < 5 2.02 ppm -dd -J 10 and 4 Hz.
-< 5 1.58 ppm -broad dd -J 12 and 6.5 Hz; <5ca. 1.40 ppm -m. The presence of two butylidene chains in com pound 2 is shown by signals relative to two ethylenic H, four methylene groups and two isochrone methyls in the 'H NM R spectrum. Irradiation ex periments permit to put together the groups in volved in the same chain as following:
-C H 3-C H 2-C H 2( a ) -C H ( b ) = C -with C H 3: < 5 0.92 ppm -t -J 7 Hz; CH 2: < 5 1.45 ppm -m -J 7.5 and 7 Hz; CH2(a): < 5 2.18 ppm -m -J 7.5 and 7.5 Hz; CH(b): < 5 5.00 ppm -t -J 7.5 Hz.
-CH3-CH2-CH2(a')-C H (b ')= C -with C H 3: < 5 0 .9 2 p p m -t-./7 H z ; CH2: < 5 1.45p p m -m -7 7.5 and 7 Hz; CH2(a'): < 5 2.30 ppm -m -J 8 and 7.5 Hz; CH(b'): < 5 5.08 ppm -t -J 8 Hz.
Each of the two side chain is linked to a five ring lactone appearing in the IR spectrum at 1790 and 1775 cm -1 respectively.
Conclusion about the stereochemistry of the butylidene chains can be deduced from the chem i cal shift values of H-8 and H-8' (<5 5.08 and 5.00 ppm) relative to Z and Z ' forms, more shielded than those found in monomeric compounds as Z-ligustilide (<5 5.23-5.28 ppm) [6, 7] and (Z)-ligustilidiol (<5 5.22-5.25 ppm) [8] . In the other hand, the vicinal coupling occurring between H-6 and H-7 ( J 9 Hz) is associated with a diaxial orientation and the rela tive configuration 65, 7S is thus assigned to com pound 2 which partially leads to (Z)-ligustilide, when submitted to thermolysis.
(Z, Z')-rel-(65, 75)-6.6',7.3'a-diligustilide 2, iso lated first from Ligusticum wallichii rhizom e [9] , has been just described in Levisticum officinale rhizome [10] where it is more accum ulated than other dimers.
Ligustilidiol (3)
This other (Z)-ligustilide derivative is recognized by its mass spectrum which exhibites the molecular ion at m /z 224 (C |2H i60 4 obtained by high resolu tion MS) and the base peak at m /z 180 arisen from a RDA reaction. The same fragm entation is ob served for the di-TMSi derivative (m /z 368) which base peak occurs at m /z 252. The 'H N M R spec trum (Py-D5; 250 MHz) displays a butylidene chain and a tetrasubstituted cyclohexene ring; the last part of this molecule is identified, by the strong IR band at 1755 cm -1, with a five ring lactone.
Examination of the 'H N M R spectrum of com pound 3, after irradiation experiments, gives evi dence for two adjacent methines at < 5 5.02 ppm -d - As for 6.6',7.3'a-diligustilide (2), com pound 3 occurs in the Z-form with relative configuration 65, I S according to couplings recorded between H-6 and H-7 {J 3.5 Hz), H-6 and H-5 (J 4.5 and 1.5 Hz) jointly definiting H-6 equatorial and H-7 axial.
(Z)-rel-(6S, 7S')-6,7-dihydroxyligustilide, nam ed ligustilidiol (3) has been first isolated from Ligusticum wallichii rhizome [8] and is described here for the second time.
Phthalides and related com pounds were first ex tracted from essential oils o f um belliferous plants and only hydrocarbons were found. Recently, use of solvents in increasing polarity by m aceration of the vegetal material has led to the isolation of, besides monomeric hydrocarbons, dim eric ones in the less polar extracts and hydroxylated derivatives in the more polar. This proceeding has perm itted enhance ment of this group o f natural products where, both dimers and ligustilidiol contribute to suggest some relation between all them through ligustilide, as illustrated in Scheme I. One can notice the part played by the 6,7-double bond in (Z)-ligustilide (4), leading to hydroxy-and dim eric derivatives. On the other hand, this allow to suspect the presence of related compounds in um belliferous plants, generat ed from sedanenolide (1) for instance, by sim ilar biosynthetic pathways.
Experimental
The general methods are the same as reported in ref. [3] . Extraction of sedanenolide (1) and 6.6',7.3'adiligustilide (2) , is effected in using «-hexane ex tract corresponding to 100 g of Meum athamanticum dried rhizome. Purification is carried out by repeat ed CC of silica, with an elution gradient from benzene up to CHC13 yielding 21 mg o f 1 and 12 mg of 2. The CHC13 extract is partitioned by repeated polyamide CC with increasing am ounts of M eOH in benzene. 7 mg of ligustilidiol (3) are obtained after further purification through a Sephadex LH 20 column eluted with MeOH.
